Purpose. To review our first 30 patients who underwent anterior cervical fusion using IntExt and xenograft. Methods. Records of 23 men and 7 women aged 18 to 83 (mean, 40) years were reviewed by a single researcher. 23 patients had traumatic fracturedislocations and 7 had degenerative disease. Pain, range of movement, neurological status, return-towork status, kyphosis, and lordosis were recorded. Radiography and computed tomography were used to assess integration of the xenograft with the host bone, intervertebral fusion around the cage, and any screw loosening. Results. The mean follow-up duration of the 30 patients was 14 (range, 1-47) months. There was no evidence of screw loosening or breakage. 20 of the 28 patients had no neck pain. Radiographs and/or computed tomographic scans of 23 patients showed bone union or clinical evidence of stability.
INTRODUCTION
Anterior cervical fusion is a well-recognised treatment for degenerative diseases or fractures of the cervical spine. The gold standard for single-level fusion in degenerative cases is the Robinson 1 (tricortical) and Cloward 2 (dowell) techniques. Their non-union rates vary from 10% for single-level fusions to 30% for 3-level fusions, with graft displacement rates being 2 to 5% for the former and 10 to 30% for the latter. [2] [3] [4] Autologous bone grafting may cause donorsite morbidity.
5 Therefore, bone graft substitutes and allografting have been suggested, particularly for multi-level fusions. 3 Although anterior cervical plating lowers the risk of bone graft displacement, its use for degenerative disease remains controversial, particularly for single-level fusions. [6] [7] [8] [9] Anterior cervical plating for traumatic conditions is acceptable when there is disruption of the posterior soft tissue. Failure to maintain reduction has been reported in 5 to 13% of such injuries with fracture-dislocation. 10, 11 Therefore, concomitant posterior stabilisation is recommended.
Intervertebral cages require no autologous bone graft 4,12,13 and attain fusion rates varying between 62 and 95%. 4, [12] [13] [14] [15] [16] [17] [18] Bone substitutes such as hydroxyapatite are more effective when used with cages or plates. 19, 20 100% fusion rates have been reported when cages with anterior cervical plating are combined. [21] [22] [23] The IntExt was developed as a combined cage and plate implant incorporating screw fixation. November 2002 and December 2005, records  of 23 men and 7 women aged 18 to 83 (mean, 40) years who underwent anterior cervical fusion using the IntExt and xenografts were reviewed by a single researcher. 23 patients had had traumatic fracturedislocations and 7 had degenerative conditions. Anterior cervical fusion for degenerative disease at one or 2 levels was not routinely practised, unless the patient specifically requested it to obviate autologous bone grafting and the use of a cervical collar.
MATERIALS AND METHODS

Between
The IntExt has screw holes adjacent to the end plate to accommodate multi-level use and screw placement safety (Fig. 1) . The dimension of the cage is 13x14 mm, with wall thickness of 2 mm; 6 different heights (4-9 mm) are available. The cage and plate have an inbuilt lordosis of 6º and 8º, respectively; they are made of titanium alloy, though a polyethylethylketone alternative is under development. The cancellous screws are also made of titanium alloy with a diameter of 4.4 mm. The superior screw and the 2 inferior screws are directed 15º and 12º away from the cage, respectively.
A standard anterior discectomy was performed through a right-sided approach using an oblique incision. Three patients had bone or disc removed from the spinal canal. Trial insertion was made to determine the size of the IntExt. Xenograft (Pro Osteon, Interpore Cross International, Irvine [CA], US) was then placed inside the cage and then the IntExt was inserted again. The plate was stabilised with screws (one superior and 2 inferior). In burst extension injury, 2 screws were placed superiorly and one inferiorly, so as to enable better purchase on the displaced cranial vertebrae.
Most patients with uncomplicated fractures or degenerative disease were discharged within 5 days. Several had protracted stays due to concomitant injuries or delay in surgery. Only patients with fractures wore a soft collar (for 4 to 6 weeks).
Missing data were retrieved during follow-up or by phone interview. Pain (nil, mild, moderate, or severe), range of movement (normal, 75% normal, 50% normal, or 25% normal), neurological status, and return-to-work status were recorded at final followup.
Kyphosis and lordosis were measured from the end plates or posterior vertebral walls (Fig. 2) , but the latter is more reliable. Radiography and computed tomographic (CT) scanning were used to examine for integration of the xenograft with the host bone, intervertebral fusion around the cage, and any screw loosening (Figs. 3-5 ). It is difficult to evaluate intervertebral fusion on radiographs through a titanium cage device. Although the accuracy of CT scanning is limited in the presence of metal implants, it remains the most accurate in assessing bone union. In patients for whom CT scans were not taken, bone union was based on clinical (stability and pain) and radiographic (movement or failure) findings.
RESULTS
The mean follow-up duration of the 30 patients was 14 (range, 1-47) months (Table 1) . Radiological follow-up was incomplete in 7 patients (due to loss of radiographs or default). Only 10 patients underwent both CT scanning and radiography.
Clinical assessment
28 patients were available for clinical assessment. Seven patients with traumatic fractures had neurological disturbance at presentation, including: central cord syndrome (n=1), incomplete tetraplegia (n=1), and a mix of sensory and motor symptoms confined to one or 2 dermatomes or myotomes (n=5). At a mean of 14-month follow-up, 3 had complete resolution of symptoms, and 4 had residual neurological disturbance (incomplete tetraplegia, sensory loss below C6, central cord syndrome below C6, and sensory loss below C5). Seven patients with degenerative disease had cervicogenic pain (n=2) and radicular symptoms (n=5). Eight patients complained of neck pain (Table 2) .
Radiological assessment
23 patients had complete radiological assessment. Bone union was noted in the 10 patients who had both CT scans and radiographs taken, whereas the remaining 13 had radiographic and clinical evidence of stability. Kyphosis or lordosis changed slightly postoperatively. In 16 patients with one-year follow-up, the mean change in kyphosis was only 4º (range, 9º kyphosis to 11º lordosis). Anterolisthesis or retrolisthesis was unchanged. There was no evidence of screw loosening or breakage in any of the patients. One patient had a superior screw removed because of incomplete insertion with a risk of backing out.
The union rate was high among patients with traumatic fractures, even in the 2 with severe uncorrectable kyphosis. Both achieved good clinical results with no change in the kyphotic angle (both 11º) or obvious degenerative disease at adjacent levels.
Complications
Intra-operatively, there was one technical error involving a screw that was not locked into the hole. After removing the screw, the patient went on to develop a haematoma, which became infected when drained. The discitis was treated successfully with a 6-week course of intravenous antibiotics, without recourse to further surgery. Early in the postoperative period, one patient had wound swelling due to a seroma, 4 had transient hoarseness and experienced difficulty swallowing for 3 weeks. In the late postoperative period, one patient with an excellent clinical result complained of coughing after long walks, which persisted at the 2-year follow-up, though the vocal cords and chest radiography appeared normal. Another patient had a unilateral vocal cord paralysis, which persistent at the one-year follow-up, was probably related to the surgical approach rather than the device itself.
DISCUSSION
As a means of augmenting cervical fusion, anterior cervical plating was first reported in 1964. 24 The original technique involved a bicortical purchase into the spinal canal. Synthes later developed the locking plate to enable unicortical fixation. 25 It is the gold standard for traumatic fractures. 3 Its use for degenerative diseases, particularly for singlelevel fusions, is controversial, with varying results with regard to union, subsidence, kyphosis, and donor-site morbidity. 4, 12, 26 For fusions entailing ≥2 levels with pseudarthrosis rates up to 30%, anterior cervical plating can increase union rates to 100%. 27 Complications (plate loosening, breakage, and screw problems) were infrequent, with rates being <2 to 3% in all series. 28 Stand-alone cages become increasingly popular in degenerative disease, with varying union rates (22 to 97%) 16, 17, 28 and anterior displacement. 11, 14 Major subsidence has been reported with titanium cages, 14, 15 but not carbon fibre cages. 15 In single-level fusions for degenerative disease, the cage is equivalent to an interbody autologous bone graft. It is more appropriate for multi-level fusions, because the risks of pseudarthrosis and donor-site morbidity increase as the number of fused levels increases.
In vitro biomechanical tests reveal that the combined use of the cage and plate is a more stable construct in flexion/extension than the stand-alone cage and autograft. 29 In terms of compression and torsion, the biomechanical properties of the IntExt are at least 3 times stronger than those of the Synthes cervical spine locking plate, but both are comparable in extension. 23 The IntExt is designed to combine a cage with an external fixation system where the screw holes are directly adjacent to the end plate, so as to enable safe and accurate screw placement. The 2 inferior screws are placed slightly medially and the superior screw is placed centrally. The IntExt is usually used with xenografts, thereby avoiding the use of autografts.
Indications for the use of the IntExt include degenerative conditions, multi-level fractures, fracturedislocations, and selected burst injuries. Attention must be paid when it is used in burst compression injuries and/or in elderly patients. It should be used only when the predominant comminution is in the superior third of the most caudal vertebral body. To achieve adequate purchase, there must be at least 50% of vertebral end plate to enable seating of the implant and holding of the screws on the caudal vertebrae.
CONCLUSION
This study was retrospective and historical data were lacking for comparison. Our findings confirm the effectiveness of the IntExt in stabilising traumatic fractures. Although the literature does not support single-level plating in degenerative conditions (because of the high success rate with autologous bone grafting), the IntExt has the advantages of avoiding grafting complications, donor-site morbidity, and resorting to a postoperative collar.
